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PARTICULATE SAMPLING PROBE AND DILUTION TUNNEL 
RELATED APPLICATIONS 

[1] This is a Continuation of United States Serial 10/254,056, filed September 24, 2002 

which is a Continuation-In-Part of United States Serial Number 09/816,844, filed on March 

21, 2001, now Patent No. 6,481,299, issued on November 19, 2003. 

BACKGROUND OF THE INVENTION 
[2] This invention relates to an emissions unit for sampling exhaust gases, and more 

particularly, the invention relates to a particulate sampler used in analyzing the particulate 

matter in exhaust gases. 

[3] Particulate samplers have been used to collect particulate material found in exhaust 

gases and convey them to a filter or analyzer. A full flow method measures the particulates by 
diluting all of the exhaust gases expelled from the vehicle. However, this particulate sampling 
method is very costly. Alternatively, a partial flow particulate sampling method has been used 
in which a small probe is inserted into the tailpipe to obtain a small sample of the exhaust gases. 
This smaller fraction of exhaust gas is then diluted to obtain a temperature of the mixture below 
125°F (52°C). The particulate matter in the diluted sample is measured and calculations are 
made to determine the total amount of particulate matter present in all of the exhaust gases 
expended from the vehicle. The partial flow method is much more cost effective, however, it is 
subject to variations due to an inability to accurately account for all of the particulate matter in 
the sample exhaust. 

[4] The structure of the passageways within the particulate sampler has an impact upon the 

accuracy of the particulate matter measurement. For example, a fraction of the particulate 
matter can collect on the walls of the passageways and, therefore, never reach the filter or 
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analyzer. As a result, the particulate matter measured will be lower than the actual particulate 
matter in the sample exhaust gases. 
[5] The sampled exhaust gases typically are pulled through a probe to a mixer where 

dilution gases are introduced to the exhaust gases. From the mixer, the exhaust gases and 
dilution gases travel through a passageway where they are homogeneously mixed together. It is 
desirable to maintain the exhaust gases as close to its original exhaust gas temperature as 
possible to ensure accuracy. During a typical emissions test, the temperature of the exhaust 
gases fluctuates. Accordingly, it is desirable to accommodate these temperature fluctuations in 
exhaust gases during the test. That is, it is desirable that the particulate sampler collects the 
sample without changing the temperature of the exhaust gases until it reaches the mixing 
passageway. Therefore, it is desirable to provide a particulate sampler that maintains the 
temperature of the exhaust gases during the test while conveying all the particulate matter to the 
filter or analyzer. 

SUMMARY OF THE INVENTION AND ADVANTAGES 

[6] The present invention provides a particulate sampler for use in analyzing particulate 

matter in exhaust gas. The sampler includes a transfer tube assembly including a probe at 

least partially defining a sample exhaust gas passageway. The transfer tube assembly has a 

first end portion with an opening for receiving exhaust gas and extends to a second end 

portion. A mixer receives the second end portion and includes a dilution gas passageway for 

carrying a dilution gas. The dilution gas passageway is in communication with the sample 

exhaust gas passageway for introducing the dilution gas to the exhaust gas. A tunnel is 

connected to the mixer and includes a gas mixing passageway extending a length for 

homogeneously mixing the gases together. The gas mixing passageway tapers toward the 

second end portion of the transfer tube assembly to ensure that the particulate matter mixes 
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with the gases along the length of the gas mixing passageway without collecting in a 
recirculating flow area. The transfer tube includes an insulator cavity to insulate the sampler 
exhaust gas passageway and maintain the temperature of the exhaust gases within. Insulation 
may be arranged in the insulated cavity or exhaust gas may be conveyed through the insulator 
cavity to insulate the sample exhaust gas passageway. 
[7] Accordingly, the above invention provides a particulate sampler that conveys all the 

particulate matter of the exhaust gas to a filter or analyzer due to greatly minimized temperature 
losses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[8] Other advantages of the present invention can be understood by reference to the 

following detailed description when considered in connection with the accompanying 
drawings wherein: 

[9] Figure 1 is a perspective view of the probe, transfer tube and mixer of a particulate 

sampler; 

[10] Figure 2 is a perspective view of a mixer and transfer tube assembly; 

[11] Figure 3 is a cross-sectional view of one embodiment of the transfer tube assembly; 

[12] Figure 4 is a partially broken-away perspective view of a tunnel of the present 

invention; 

[13] Figure 5 is a cross-sectional view of a probe and transfer tube of another particulate 

sampler; 

[14] Figures 6 and 6A respectively are side and cross-sectional views of an end cap for 

receiving the probe and transfer tube shown in Figure 5; 
[15] Figure 7 is a cross-sectional view of a mixer and tunnel for securing to the end cap 

shown in Figures 6 and 6A; 
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[16] Figure 8 is an enlarged cross-sectional view of the diffusor portion of the mixer; and 

[17] Figure 9 is a cross-sectional view of the mixer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[18] A particulate sampler 10 preferably includes multiple components that are removably 

secured to one another. The components are typically constructed from stainless steel, which 
withstands the harsh environment of the vehicle exhaust gases. The sampler 10 includes a 
transfer tube assembly 12 having a probe 14. The probe 14 typically includes a curved or 
straight end portion that is arranged transversely in a tailpipe 13. The probe 14 collects a small 
exhaust gas sample that contains particulate matter. The probe 14 conveys the exhaust gas 
sample to a mixer 16 where a dilution gas is introduced to the exhaust gases. The dilution and 
exhaust gases are conveyed through a tunnel 18 where they are homogeneously mixed together. 
A filter holder may be connected to an end of the tunnel 18 for collecting the particulate matter 
on a filter or other similar device. Alternatively, an analyzer may be connected to the end of the 
tunnel 18 for analysis of the exhaust gas sample. 

[19] Referring to Figure 2, the probe 14 includes a first end portion 22 having an opening 24 

for receiving the exhaust gas. The probe extends to a second end portion 26, which is adjacent 
to the tunnel 18 when the transfer tube assembly 12 and tunnel 18 are secured to one another. 
The probe 14 at least partially defines a sample exhaust gas passageway 27. The mixer includes 
a dilution gas chamber 30 arranged concentrically around the second end portion 26 and 
includes one or more feed tubes 32 defining dilution gas passageways in fluid communication 
therewith for conveying the dilution gas to the dilution gas chamber 30. The feed tubes 32 are 
arranged between the first 22 and second 26 end portions. An end section 28 is preferably 
secured to the second end portion of the outer tube 34 . The dilution and sample exhaust gases 
flow parallel to and in the same direction as one another. 
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[20] In the prior art, the probe was constructed from a long, thick tube having a wall 

thickness of approximately 0.040 inch; this tube was insulated and heated by heater tape to a 
temperature of 150 to 180°C. The probe of the present invention utilizes a wall thickness of 
approximately 0.020 inch or less and is significantly shorter from where it exits the tailpipe 13 
up to the tunnel to reduce the impact of the particulate sampler on the exhaust gas temperature. 
That is, utilizing a probe of a larger wall thickness, like that of the prior art, absorbs a greater 
amount of the thermal energy of the exhaust gas. As a result, dynamic testing is negatively 
impacted because the sample exhaust gas temperature will lag the actual exhaust gas 
temperature. Furthermore, the larger wall thickness lengthens static testing in that the sampler 
must be "warmed up" longer to reach the temperature of the exhaust gases. 

[21] Utilizing a significantly shorter probe than the prior art may cause the sampler 10 to be 

more sensitive to pressure fluctuations present in the tail pipe. Cyclic pressure fluctuations are 
caused by internal combustion engines as the engine pistons reciprocate. During a pressure 
drop, sample exhaust gas and dilution gas may be undesirably drawn out of the probe and back 
into the tailpipe, thereby changing the dilution ratio in an uncontrolled manner. Referring to 
Figure 3, the portion of the probe 14 within the tailpipe 13 may be lengthened to minimize the 
effects of the pressure fluctuations. 

[22] The transfer tube assembly of the present invention better maintains the temperature of 

the sample exhaust gas so that the impact of the sampler 10 and the ambient air on the 
temperature of the sample is reduced. With continuing reference to Figure 3, the transfer tube 
assembly 12 includes an outer tube 34 surrounding the probe 14 to create an insulator cavity 36. 
The probe 14 is removable secured to an end 37 of the outer tube 34 by a threaded fastener 39 to 
permit disassembly of the transfer tube assembly 12 for cleaning. The insulator cavity 36 
insulates the sample exhaust gas passageway 27 from the ambient air surrounding the transfer 
tube assembly 12 and the dilution gas in the dilution chamber 30 to maintain the temperature of 
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the sample exhaust gas. Preferably, the probe 14 is insulated from the tail pipe to the tunnel 18 
where the gases are homogenously mixed. Insulation 38 may be arranged in the insulator cavity 
36, as shown in Figure 3, or the air trapped in the insulator cavity 36 may simply be used. The 
end section 28 separates the outer tube 34 and the probe 14 to further insulate the sample 
exhaust gas until it is mixed with the dilution gas. To avoid cold spots on the probe 14 the end 
section 28 is spaced slightly from the outer circumference of the probe 14. The end section 28 
may be constructed from ceramic material to provide enhanced insulation. 

[23] The diameter of the probe 14 is typically approximately 0.25 inch in diameter. The 

outer tube 34 may be approximately 0.75 inch in diameter or greater, but needs only be of a 
sufficient diameter to form a cavity around the probe 14 for insulation. As a result, one 
desirable ratio of the outer tube 34 to the probe 14 may be approximately 2:1 or 3:1, which 
provides a sufficiently large insulator cavity, however, it is to be understood that another ratio 
may be used depending on the amount of insulation and other parameters. 

[24] Prior art tunnels experience problems with particulate matter collecting on the interior 

passageways thereby negatively impacting the accuracy of the particulate matter measured. 
Specifically, prior art tunnels utilized long cylindrical tubes. The inner diameter of the tubes 
was larger than the inner diameter of the probe, which is connected to the tunnel. As a result, a 
recirculating flow area was created in which particulate matter would collect adjacent to the 
probe within the tunnel. The tunnel 18 of the present invention, as shown in detail in Figure 4, 
includes a tapered end portion 52 adjacent to the mixer 16. The tunnel 18 preferably includes an 
outer tube 54, which is approximately 1.25 inch in outer diameter (1.125 inch in inner diameter) 
and 2 V4 feet in length. It should be understood that any other suitable diameter may be used. 

[25] An inner tube 56 is arranged coaxially with the outer tube 54 and defines a gas mixing 

passageway 57. The tapered end portion or diffusor 52, which has an angle of 8° to 12°, tapers 
towards the mixer 16 to form a frustoconical shape that prevents particulate matter from 
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collecting in the gas mixing passageway 57. The tubes 54 and 56 are secured in any suitable 
manner. The opening in the diffusor 52, which has a diameter of 0.3 to 0.5 inch, forms the 
mixing orifice 59 and is aligned with the second end portion 26 of the probe. The tunnel 18 and 
the mixer 16 include flanges 58 that are secured to one another with a clamp 60. The flange 58 
on the tunnel 18 comprises the mixing orifice 59 arranged between the second end portion 26 
and the gas mixing passageway 57. The dilution and sample exhaust gases commingle prior to 
flowing through the orifice 59 and into the gas mixing passageway 57. 

[26] The exhaust gas is received by the probe 14 and the mixer 16 introduces dilution gas to 

the sample exhaust gas. As the sample exhaust gas flows through the probe 14, the effect of the 
probe on the temperature of sample exhaust gas is minimized by the reduced wall thickness. 
Furthermore, the sample exhaust gas temperature is maintained by the insulator cavity 36 as it 
flows through the transfer assembly 12. The dilution gas and exhaust gas flow into the tunnel 
18 where they are homogeneously mixed together. The tunnel 18 tapers toward the transfer 
tube assembly 12 so that particulate matter does not accumulate in the tunnel 18. The exhaust 
gas sample may then be collected in a filter or sent to an analyzer for a more detailed analysis. 

[27] Another particulate sampler is shown in Figures 5-9 and functions similarly to the 

sampler 10 described above. Referring to Figure 5, the sampler 110 includes a transfer tube 

assembly 112 supported on a tailpipe 113. The probe 1 14 includes a first end portion 122 with 

an opening 124 extending to a second end portion 126. The probe 1 14 defines a sample exhaust 

gas passageway 127 that carries exhaust gases from the tailpipe 113 to the mixer. The second 

end portion 126 extends beyond the outer tube 134. A fitting 139 at an end 139 of the outer 

tube 134 supports a portion of the probe 114. The outer tube 134 is spaced from the probe 114 

to form an insulator cavity 136 around the probe 1 14 to insulate the sample exhaust gas until it 

is mixed with the dilution gas. A temperature sensor 162 may be used in close proximity to or 

in contact with the outer circumference of the probe 114 to monitor the temperature for 
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determining whether the sample exhaust gas is being maintained at the desired temperature by 
the insulator cavity 136. 

[28] Referring to Figures 6 and 6A, an end cap 142 receives the transfer tube assembly 1 12 

and is secured to the mixer and tunnel, shown in Figure 7, by a clamp at flanges 158. The 
second end 126 is disposed within the end cap 140; the end cap 140 includes a compression 
fitting secured about the outer tube 134. An end 141 of the cap 140 may include a spacer 144 
arranged about the second end 126 of the probe 1 14 to ensure that the exhaust gas passageway 
127 is aligned with the mixing gas passageway 157, best shown in Figure 9. 

[29] The mixer 116 defines a dilution gas chamber 130 receiving dilution gas from a feed 

tube 132. The mixer 116 includes a diffusor portion having a frustoconical tapered surface 153 
tapering toward the second end 126 (best shown in Figure 9). The diffusor 152 may be secured 
to the tunnel 1 18 by welding or any other suitable means. The diffusor 152 defines the mixing 
orifice 159 and has a rounded leading edge, shown in Figure 8, adjacent to the dilution gas 
chamber 130 and second end 126 to enhance the flow of the dilution and sample exhaust gases 
into the diffusor 152. The radius of the leading edge is relatively small such as approximately 
0.075 inch. 

[30] The invention has been described in an illustrative manner, and it is to be understood 

that the terminology that has been used is intended to be in the nature of words of description 
rather than of limitation. Obviously, many modifications and variations of the present 
invention are possible in light of the above teachings. It is, therefore, to be understood that 
within the scope of the appended claims the invention may be practiced otherwise than as 
specifically described. 



